ABSTRACT: Larvae of crab species inhabiting the shallow water marine environment show a wide range in nutritional requirements that must be satisfied via the diet. The present study compares the dietary requirements of larvae of the deep sea red crab Geryon quinquedens Smith with those of the stone crab Menjppe mercenaria Say, a shallow water species. Stone crab larvae cannot survive to metamorphosis on a rotifer diet. Red crab larvae show no difference in survival to metamorphosis on rotifer and brine shrimp nauplius diets, although some delay in development is seen on the former diet. We speculate that increased nutritional flexibility exhibited by the red crab is related to its deep water habitat and that evolution of such flexibility may be required for penetration of that habitat.
INTRODUCTION
It seems reasonable that flexibility in qualitative dietary needs will be adaptive for species with planktotrophic larvae. Thus adaptations which reduce dependence on the capture of specific prey needed to satisfy nutritional requirements are likely to be favored by natural selection. Yet species such as the blue crab Callinectes sapidus Rathbun (Sulkin, 1975) and the spider crab Libinia emarginata (Bigford, 1978) show specific nutritional needs which must be satisfied via the diet On the other hand larvae of the mud crabs Rhithropanopeus ham-sii (Gould) and Neopanope texana sayi can survive to metamorphosis on prey species which are unable to sustain C. sapidus and L. emarginata (Sulkin and Norman, 1976) . Thus crab species show considerable variability in nutritional flexibility during larval development.
Species tested to date hatch and in most cases complete larval development in highly productive, shallow estuarine or coastal marine waters. The present study was undertaken to compare the nutritional needs of a deeper water crab species with those of species occupying more shallow water.
The red crab Geryon quinquedens Smith inhabits the continental slope off the eastern coast of North America. Its larvae hatch at depths exceeding 200 m (Wigley et al., 1975; Haefner, 1978) . The dietary requirements of red crab larvae are compared to those of the stone crab Menippe mercenaria Say, a marine species which occupies shallow water habitats. The concept of nutritional flexibility as it relates to habitat is discussed in light of these results and those of earlier studies.
MATERIALS AND METHODS
Comparative studies using nauplii of the brine shrimp Artemia salina (L.) and the rotifer Brachionus plicatilis Muller have been useful in establishing the presence of critical dietary requirements during larval development and in comparing these requirements among species (Sulkin, 1975; Sulkin and Norman, 1976; Bigford, 1978; Anger and Nair, 1979) . In these experiments, failure of the larvae to develop to metamorphosis on the rotifer diet has been regarded as evidence of nutritional vulnerability. In the present experiments, larvae of Menippe mercenaria and Geryon quinquedens were raised from hatching on these two diets.
Ovigerous Menippe mercenaria were obtained commercially from Florida and ovigerous Geryon quinquedens from Rhode Island. Crabs were flown to our laboratories and kept in conditions suitable to each species. Eggs were removed from the pleopods, placed in appropriate medium, and agitated on a reciprocating shaker (1 10 rpm). The culture medium consisted of filtered natural seawater set at 30 ppt salinity, 25 ' C for M. mercenaria; and at 35 ppt salinity, 20 ' C for G. quinquedens. In the latter case, the salinity of natural sea water was increased by the addition of synthetic sea salts. The light/dark cycle was set at 12:12 l:d for both species.
Upon hatching, available larvae were placed, in groups of ten, into small culture dishes containing 50 m1 of medium. For the offspring of any one crab, groups (siblings) were assigned randomly to one of the two test diets.
Culture dishes were examined daily for evidence of dead larvae and exuviae. Living larvae were transferred to fresh medium and fed, in excess. The techniques for maintaning the diets have been described in detail elsewhere (Sulkin and Epifanio, 1975) .
For Menippe mercenaria, a total of 110 larvae were assigned to the brine shrimp diet; 100, to the rotifer diet. The larvae came from three females. For Geryon quinquedens, 140 larvae from four females were tested on each diet.
Survivorship of larvae on a daily and instar basis and the mean day (and range) of each molt are calculated for each species. Methods of statistical analysis are described with the results.
RESULTS

Menippe mercenaria
The graph in Figure 1 shows daily survivorship for larvae raised on rotifers and brine shrimp nauplii. Survival to the megalopa on the brine shrimp diet was 31.8 O/O, whereas no larvae fed rotifers developed to the megalopa (Table 1) . Indeed survival past the third zoeal stage was rare. Table 2 shows a comparison of mean days of molt for larvae fed both diets (see also Fig. 1 ). Development to the first molt was significantly faster on the rotifer diet, although the situation is reversed by the third molt.
--Rotifer diet 
Geryon quinquedens
The graph in Figure 2 shows daily survivorship for larvae raised on rotifers and brine shrimp nauplii. Survival to the megalopa occurred on both diets. Table  3 lists cumulative survival on a stage by stage basis. For each stage, the data were transformed (arc sine) and compared using a Student's t-test. There are no statistically different survival rates through zoeal development. Figure 3 shows the mean (and range) for each molt for larvae raised on the two diets. For each molt, mean days were compared using a Student's t-test. Molt I shows no significant difference between means (p > 0.05), but Molts 11-IV each show significance (p < 0.001).
In order to evaluate the effects of diet during zoeal Sulkin (1978) has suggested that nutritional vulnerability is characteristic of a primitive reproductive strategy in brachyuran crabs. This was based on results which showed that the xanthid crabs Rhithropanopeus harrisii and Neopanope texana sayi could complete zoeal development on laboratory diets which were unable to sustain the blue crab Callinectes sapidus. The results reported here for Menippe mercenaria are consistent with that hypothesis.
DISCUSSION
Long pelagic duration, large and variable numbers of instars, and production of large numbers of eggs per spawn are features considered characteristic of a primitive reproductive strategy by LeBour (1928) and others. The data in Table 4 compare these features between Menippe mercenaria and another xanthid, Rhithropanopeus harrisii. Using these features as criteria, the reproductive strategy of M. mercenaria would b e classified as more primitive than that of R. ham'sii. Using ability to develop to metamorphosis on Table 4 . Comparison of selected characteristics of reproduction between two species of the Family Xanthidae. Data for length of pelagic duration based on laboratory studies at 25 "C: 'Porter, 1960; 'Present Study; ^inford, 1912; Â¥'Connolly 1925; 'costlow et al., 1966 the rotifer diet as the criterion, M mercenaria is also sion and controversy over the systematic position of the nutritionally more vulnerable.
genus (Perkins, 1973) . However, it is tempting to It is interesting to note that as with the blue crab speculate that evolution of nutritional flexibility duCallinectes sapidus (Sulkin, 1975) , the hatching stage ring larval development was a necessary condition for shows higher survival and faster development on the penetration of the deep sea environment by crabs rotifer diet than on diets which can support completed which retained planktotrophic larvae. development.
Although there is clear evidence that the rotifer diet causes a delay in the larval development of Geryon --results for Menippe mercenaria, other xanthids (Sulkin and Norman, 1976) Callinectes sapidus (Sulkin, 1975 (Sulkin, , 1978 , and Ovalipes ocellatus (Sulkin, unpublished productive, near-shore surface waters which are likely 2: 329-337 to contain the kinds of prey required to satisfy nutritional needs. Larvae of Geryon quinquedens, however, hatch at depths exceeding 200 m, at water temperatures less than 12 Â¡C Even assuming that they eventually reach surface waters, the vertical excursion will be time consuming and energy demanding. The diversity of living prey available to them will be comparatively low during the early part of development. Our results suggest that adaptations have occurred which have increased the nutritional flexibility of larvae of this deep water species and thus have reduced their dependence on locating and capturing specific prey needed to satisfy qualitative nutritional requirements. It is difficult to assign evolutionary significance to these adaptations particularly considering the confu-
